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Objective: Researchers commonly use the femoral shaftetibial shaft angle (FSeTS) from knee radiographs
to estimate the hip-knee-ankle angle (HKA) in studies examining risk factors for knee osteoarthritis (OA)
incidence and progression. The objective of this study was to determine the relationship between HKA and
FSeTS, depending on the method of calculating FSeTS and the direction and degree of knee deformity.
Methods: 120 full-length digital radiographs were assigned, with 30 in each of four alignment groups
(0.0e4.9, and 5.0 of varus and valgus), from a large cohort of persons with and at risk of knee OA.
HKA and ﬁve measures of FSeTS (using progressively shorter shaft lengths) were obtained using Hori-
zons Analysis Software, Orthopaedic Alignment & Imaging Systems Inc. (OAISYS). The offsets between
HKA and the different versions of FSeTS were calculated, with 95% conﬁdence intervals (CIs). Pearson
correlations were calculated.
Results: In varus limbs use of a shorter shaft length increased the offset betweenHKA and FSeTS from 5.1 to
7.0. The opposite occurred with valgus limbs (from 5.0 to 3.7). Correlations between HKA and FSeTS for
thewhole sample of 120 individuals were excellent (r range 1.00e0.88). However, correlations for individual
alignment groups were low to moderate, especially for the shortest-shaft FSeTS (r range 0.41e0.66).
Conclusions: The offsets obtained using the shorter FSeTS measurements vary depending on direction
and degree of knee deformity, and therefore may not provide reliable predictions for HKA We recom-
mend that full-length radiographs be used whenever an accurate estimation of HKA is required, although
broad categories of alignment can be estimated with FSeTS.
 2010 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Symptomatic knee osteoarthritis (OA) with radiographic changes
was estimated to affect between6.7% and16.7%of individuals over 45
years old in a 2005 review of studies performed in the United States1.
This rate is increasing, primarily due to demographic factors such as
aging of the population, increasing rates of obesity and an increasing
prevalence of traumatic OA2. Varus or valgus alignment of the lower
limb has been shown to increase the risk of progression of knee
OA3e8. More speciﬁcally, the odds ratio (OR) of OA progression in theLisa Sheehy, School of Reha-
n Building, 31 George Street,
517.
y).
s Research Society International. Pmedial tibiofemoral compartment for thosewith varus deformity has
been calculated to be between 2.90 and 10.963,4,6,7. For progression of
lateral compartment OA in individuals with valgus deformity the OR
is between 1.39 and 10.443,4,6,7.
The hip-knee-ankle angle (HKA) is a measure of lower-limb
alignment, deﬁned as the angle between themechanical axes of the
femur and the tibia (Fig. 1). HKA is measured from a full-length
lower-limb radiograph. In healthy adults with a neutral alignment,
HKA is between 1.0 and 1.5 of varus9,10. The femoral shaftetibial
shaft angle (FSeTS) is the angle between the anatomic axes of the
femur and the tibia (Fig. 1). Many advocate the use of FSeTS taken
from radiographs of the knee to estimate HKA, with or without an
offset, which is the difference between HKA and FSeTS11e13. They
argue that there is a high correlation (r¼ 0.65e0.88) between HKA
and FSeTS, and that there are several advantages of a kneeublished by Elsevier Ltd. All rights reserved.
Fig. 1. Diagram of a full-length lower-limb radiograph with a varus alignment.
Mechanical and anatomic axes as well as the various angles are represented. The
points marked on the radiograph in order to calculate the HKA and the various FSeTSs
are numbered 1e13. 1 e centre of head of femur, 2 e femoral intertrochanteric point,
3 e 2/3 femoral shaft point, 4 e 1/2 femoral shaft point, 5 e 1/3 femoral shaft point,
6 e 10 cm femoral shaft point, 7 e femoral intercondylar point, 8 e tibial interspinous
point, 9 e 10 cm tibial shaft point, 10 e 1/3 tibial shaft point, 11 e1/2 tibial shaft point,
12 e 2/3 tibial shaft point, 13 e tibial mid-plafond point. FS e femoral shaft (femoral
anatomic axis), FM e femoral mechanical axis, TS e tibial shaft (tibial anatomic axis),
TM e tibial mechanical axis, HKA – hip-knee-ankle angle, FS-TSefemoral shaft-tibial
shaft angle. Modiﬁed from Cooke et al. J Rheumatol 2007;34:1796e1801, with
permission.
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order to obtain the best estimate of mechanical alignment, HKA
must be directly measured from full-limb radiographs, because
using a knee radiograph limits the accuracy of the measure-
ment14,15. Deformities of shafts of the long bones might alter the
relationship between HKA and FSeTS, as may subluxation at the
knee15e17.
One factor which might inﬂuence the ability of FSeTS to accu-
rately estimate HKA is the method used to calculate FSeTS. Statis-
tically signiﬁcant differences in FSeTS measurements have been
found depending on how the anatomic axes were measured10,18.
FSeTS is commonly measured on knee radiographs using lines
drawn from the knee to a point 10 cm along the shafts of the long
bones11,13,14. However, the use of other locations for the shaft points
might change the relationship of FSeTS to HKA. Therefore, we
wished to compare several different versions of FSeTS, using
different points of origin, to estimate HKA. An important consider-
ation is that for the results to be useful the shaft points must be
visible on commonly acquired radiographs.
It is also possible that the relationship between HKA and FSeTS
might varywith respect to the nature (varus or valgus) and severityof
deformity. We were unable to ﬁnd any prior studies that evaluated
this question. Therefore, we wished to study this relationship in
cohorts of individuals with mild and severe varus and valgus
deformities.
Thus, the aim of the current study was to determine the rela-
tionship between HKA and FSeTS in subjects with or at high risk of
knee OA. We asked three research questions. Does the relationship
between FSeTS and HKA differ depending on direction and magni-
tude of knee deformity? Does the shaft length used to determine
FSeTS affect its ability to accurately estimateHKA?What proportions
of the femoral and tibial shafts are seen on a typical knee radiograph?
The results of this studywill inform researcherswho perform clinical
and epidemiological studies whichmethod of measuring lower-limb
alignment best suits their needs.
Patients and methods
The database of full-length lower-limb radiographs from the
Multicenter Osteoarthritis (MOST) Study was used to select images
for this study. The MOST study was approved by institutional review
boards at the University of Iowa, University of Alabama, Birmingham,
University of California, San Francisco and Boston University Medical
Campus and participants provided written informed consent. All of
theparticipants in theMOSTstudyeitherhadkneeOAorwere athigh
risk for developing knee OA. This included individuals who were
overweight or obese and thosewith current knee pain or a history of
knee injury or surgery6. Individuals were excluded if they had
rheumatoid arthritis, ankylosing spondylitis, psoriatic arthritis,
Reiter’s syndrome, signiﬁcant kidney disease, cancer, bilateral knee
replacements, were unable to walk without assistance or were
planning to move out of the study area in the next 3 years6. Full-
length ﬁlms were obtained from 1598 subjects, according to the
method of Sharma et al.7, with both right and left limbs viewed.
Various joint angles (includingHKA) and limb lengths had previously
been determined as described by Cooke et al.19 The reliability of this
technique has been conﬁrmed [inter-reader reliability for HKA:
Intraclass correlation coefﬁcient (ICC)¼ 0.995 [95% conﬁdence
interval (CI), 0.994e1]; intra-reader reliability for HKA: ICC¼ 0.998
(95% CI, 0.998e1); inter-reader reliabilities for other angles between
the femur and tibia: ICCs between 0.839 and 0.993; intra-reader
reliabilities for other angles between the femur and tibia: ICCs
between 0.908 and 0.998]20. To avoid selecting both limbs from the
same subject only right limbs were selected. Limbs that showed
fractures, pins or plates and hip or knee replacementswere excluded,
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image quality or because some of the limb was not visible on the
image. Finally, chosen images must have had a ruler to allow for
scaling. Thus 1240 limb images were available for analysis. From
these, 30 right limbs were randomly selected for each of four cate-
gories, based on HKA; group 1: HKA of 5.0 varus or greater, group 2:
HKA from0.0 up to and including 4.9 varus, group 3:HKA from0.1
up to and including 4.9 valgus, and group 4: HKA of 5.0 valgus or
greater. Group 1 was chosen from 181 individuals (14.6% of the
available limb images), group 2 from598 individuals (48.2%), group 3
from 406 individuals (32.7%) and group 4 from 55 individuals (4.4%).
We attempted to select each group so that it would contain balanced
representation of the sexes. While equal numbers of radiograph
images were selected for each sex for three of the four HKA-based
alignment groups, only two male subjects had valgus deformities of
greater than 5. Both were included in group 4. The groups were
compared with respect to demographic variables [age, weight,
height, body mass index (BMI) and KellgreneLawrence grade (K/L)]
using t-tests for continuous variables and Chi-square for ordinal
variables (Table I). K/L grade was signiﬁcantly associated with group
(c2¼ 55.8, P< 0.0001). Subjects with greater deformity (varus and
valgus) more often had OA, based on K/L grade.
A custom version of Surveyor 2.0 software from Orthopaedic
Alignment & Imaging Systems Inc. (OAISYS) was used to determine
HKA and several variations of FSeTS on the full-length radiographs
(Fig.1). Pointswere placed on the imageswith digital “tools” (centre-
line, circle, ruler), using strict criteria to minimize bias. For
measurements of HKA, points placed at the centre of the femoral
head, the femoral intercondylar notch, the tibial interspinous groove
and at the centre of the tibial plafond were used. The ﬁrst two points
deﬁned the femoral mechanical axis and the second two points
deﬁned the tibial mechanical axis. The angle at the intersection of
the two lines was HKA, with negative numbers indicating varus
alignment and positive numbers indicating valgus alignment. For
full-length FSeTS, the points were located at the intertrochanteric
point between the greater and lesser femoral trochanters in linewith
the femoral neck axis and at the femoral intercondylar notch
(femoral anatomic axis), as well as at the tibial interspinous groove
and at the centre of the tibial plafond (tibial anatomic axis). The
angle between these axes deﬁned the full-length FSeTS. Three
additional points were located on the mid-shaft of the femur, two-
thirds, one-half and one-third of the length of the femoral shaft from
the knee. Corresponding points were located on the mid-shaft of the
tibia. Finally, points were located on the femoral and tibial shafts
10 cm from the knee points. The shaft points were used to calculate
four different FSeTS angles, described as 2/3 FSeTS, 1/2 FSeTS, 1/3Table I
Demographic data, with mean and standard deviation, for each alignment group
Group HKA Sex % of
women
Age
mean (years)
SD (years)
Complete dataset 61% 63.0
8.4
1 5.0
Varus
50% 62.4
9.5
2 Between
0.0 and 4.9
Varus
50% 61.5
8.0
3 Between
0.1 and 4.9
Valgus
50% 63.9
9.1
4 5.0
Valgus
93% 64.2
7.0
Signiﬁcant
differences
(P< 0.05)
NoneFSeTS and 10 cm FSeTS. To minimize bias, the points were marked
in proximal to distal order, and the resulting angles were not
reviewed until after all points were marked. The images were ana-
lysed in order of acquisition rather than by group.
Mean offset was deﬁned as the mean HKA minus the mean
FSeTS. Mean offsets and 95% CIs between HKA and the different
methods of calculating FSeTS were determined for the complete
sample of 120 limbs and for each alignment group. Pearson corre-
lation coefﬁcients (CC) were used to compare HKA and the different
methods of calculating FSeTS, for the complete sample and sepa-
rately for each alignment group. To determine if the relationship
between FSeTS and HKA differed depending on direction and
magnitude of knee deformity, the size of the mean offsets was
examined between alignment groups and compared to that of the
complete sample. CIs and CCs were used to study the ability of the
various FSeTS measurements to accurately estimate HKA.
To determine any effect of sex on the results we carried out a two-
way analysis of variance (ANOVA) to compare sex differences with
group, sex and groupsex as factors, for all of the alignment angles
and mean offsets. Post-hoc Tukey analyses were performed as
needed. Group 4 was not included due to insufﬁcient numbers of
male subjects. For groups 1e3 there were no groupsex interactions
or sex main effects for the angles and offsets, with two exceptions.
Sex had amain effect for the angle 10 cm FSeTS and the offset HKAe
10 cm FSeTS (Table II). However, we did not ﬁnd signiﬁcant offset
sex differences in the offsets among alignment groups.
All statistical analyses were performed using Minitab statis-
tical software (Release 15.1.30, Minitab Inc., State College, Penn-
sylvania). Statistical signiﬁcance was set at a¼ 0.05 (two-sided) for
all tests.
Finally, the proportion of the femoral and tibial shafts visible on
a typical knee radiograph was determined. Typical radiograph
cassettes and digital radiograph systems have an exposure area that
is 16.5 or 17.0 inches (419 or 432 mm) long. All 120 right limbs were
reviewed to determine what proportion of the shaft lengths would
be visible on a 419 mm long image.
Results
To investigate the relationship between HKAeFS-TS offset,
FSeTS shaft length and alignment group, mean offsets and 95% CIs
were calculated and plotted (Fig. 2). The average offset between the
mechanical and anatomic axes (full-length FSeTS) for the entire
dataset was 5.0 (95% CI, 5.1, 4.9). However, when the sample
was broken down into alignment groups, substantial variability
was evident. For limbs with a varus deformity the magnitude of theWeight
mean (kg)
SD (kg)
Height
mean (mm)
SD (mm)
BMI
mean (kg/m2)
SD (kg/m2)
K/L Grade
% grade 2 or
greater
89.3
16.0
1682
91
31.6
5.8
51%
93.7
15.6
1674
109
33.8
6.8
70%
88.8
18.3
1683
85
31.4
6.0
33%
86.8
13.1
1722
94
29.2
3.3
20%
87.8
16.4
1652
61
32.2
5.9
80%
None 3 & 4 P¼ 0.025 1 & 3 P¼ 0.022
Table II
Means and 95% CIs for lower-limb angles and (HKAe FSeTS) offsets, divided by sex. Group 4 was not included in the ANOVA to compare group and sex due to insufﬁcient male
subjects
(a) Lower-limb angles
Group Sex HKA
mean () CI ()
FSeTS
mean () CI ()
2/3 FSeTS
mean () CI ()
1/2 FSeTS
mean () CI ()
1/3 FSeTS
mean () CI ()
10 cm FSeTS
mean () CI ()
Complete dataset 73 \ 1.4 (0.0, 2.8) 6.4 (5.1, 7.8) 7.3 (6.0, 8.5) 6.8 (5.6, 7.9) 6.2 (5.1, 7.3) 6.0* (4.9, 7.1)
47 _ 2.0 (3.4, 0.5) 3.0 (1.6, 4.5) 4.2 (2.8, 5.5) 4.1 (2.8, 5.4) 4.0 (2.8, 5.3) 4.6* (3.3, 5.8)
1 5.0 Varus 15 \ 7.0 (7.6, 6.3) 1.5 (2.3, 0.7) 0.1 (0.7, 1.0) 0.3 (0.6, 1.2) 0.2 (0.9, 1.3) 0.3 (0.9, 1.5)
15 _ 7.7 (8.7, 6.7) 2.6 (3.5, 1.7) 1.2 (2.0, 0.3) 0.9 (2.1, 0.2) 0.7 (2.0, 0.6) 0.2 (1.7, 1.4)
2 Between 0.0 and
4.9 Varus
15 \ 2.6 (3.4, 1.8) 2.3 (1.5, 3.1) 3.8 (2.8, 4.7) 3.9 (2.9, 4.8) 3.6 (2.3, 4.9) 3.5 (2.1, 4.9)
15 _ 2.0 (2.6, 1.4) 2.9 (2.3, 3.5) 4.3 (3.6, 5.0) 4.5 (3.7, 5.3) 4.6 (3.8, 5.3) 5.2 (4.4, 6.1)
3 Between 0.1 and
4.9 Valgus
15 \ 2.0 (1.2, 2.7) 7.1 (6.4, 7.8) 7.4 (6.6, 8.2) 6.6 (5.6, 7.5) 5.7 (4.7, 6.7) 5.4 (4.3, 6.6)
15 _ 2.0 (1.4, 2.6) 6.9 (6.3, 7.5) 7.6 (6.8, 8.3) 7.2 (6.4, 8.0) 6.9 (6.1, 7.7) 7.4 (6.4, 8.4)
4 5.0 Valgus 28 \ 7.7 (7.0, 8.5) 12.6 (11.8, 13.4) 12.9 (12.0, 13.8) 11.9 (11.0, 12.9) 11.0 (10.0, 12.0) 10.7 (9.6, 11.8)
2 _ 12.0 (9.9, 14.0) 17.3 (15.0, 19.7) 17.3 (16.2, 18.3) 15.6 (15.0, 16.2) 14.4 (14.0, 14.8) 13.7 (12.6, 14.7)
(b) Lower limb (HKA e FSeTS) offsets
Group Sex HKA e FSeTS
mean () CI ()
HKA e 2/3 FSeTS
mean () CI ()
HKA e 1/2 FSeTS
mean () CI ()
HKA e 1/3 FSeTS
mean () CI ()
HKA e 10 cm FSeTS
mean () CI ()
Complete dataset 73 \ 5.0 (5.2, 4.9) 5.9 (6.2, 5.6) 5.4 (5.8, 5.0) 4.7 (5.3, 4.2) 4.6* (5.2, 4.0)
47 _ 5.0 (5.2, 4.8) 6.1 (6.4, 5.8) 6.1 (6.5, 5.6) 6.0 (6.6, 5.4) 6.5* (7.3, 5.8)
1 5.0 Varus 15 \ 5.4 (5.7, 5.1) 7.1 (7.5, 6.7) 7.3 (7.8, 6.7) 7.2 (8.0, 6.3) 7.2 (8.2, 6.2)
15 _ 5.1 (5.4, 4.8) 6.5 (7.1, 6.0) 6.8 (7.7, 5.9) 7.0 (8.2, 5.7) 7.5 (9.1, 6.0)
2 Between 0.0 and
4.9 Varus
15 \ 4.9 (5.3, 4.6) 6.4 (7.0, 5.8) 6.5 (7.2, 5.7) 6.2 (7.3, 5.1) 6.2 (7.4, 4.9)
15 _ 4.9 (5.2, 4.6) 6.3 (6.8, 5.8) 6.5 (7.1, 5.8) 6.5 (7.3, 5.8) 7.2 (8.1, 6.4)
3 Between 0.1 and
4.9 Valgus
15 \ 5.1 (5.4, 4.9) 5.4 (5.9, 5.0) 4.6 (5.2, 4.0) 3.8 (4.6, 3.0) 3.5 (4.4, 2.6)
15 _ 4.9 (5.3, 4.5) 5.6 (6.3, 5.0) 5.3 (6.0, 4.5) 4.9 (5.7, 4.1) 5.5 (6.4, 4.6)
4 5.0 Valgus 28 \ 4.9 (5.0, 4.7) 5.2 (5.6, 4.8) 4.2 (4.8, 3.7) 3.2 (4.0, 2.5) 2.9 (3.8, 2.1)
2 _ 5.4 (5.6, 5.1) 5.3 (6.3, 4.3) 3.7 (5.1, 2.2) 2.5 (4.9, 0.0) 1.7 (4.8, 1.4)
* Sex main effect, P< 0.05.
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decreased. But for limbs with a valgus deformity, the magnitude of
this offset decreased. Similarly, the data for the individual align-
ment groups revealed much weaker correlations. Linear regression
equations for HKA vs 10 cm FSeTS were as follows: group 1 (severe
varus) HKA¼7.34þ 0.266 10 cm FSeTS; group 2 (mild varus)
HKA¼3.47þ 0.267 10 cm FSTS; group 3 (mild valgus)
HKA¼ 0.039þ 0.298 10 cm FSTS; and group 4 (severe valgus)
HKA¼ 2.67þ 0.491 10 cm FSTS.
FSeTS shaft length appears to inﬂuence the ability to estimate
HKA. When we examined the correlation between HKA and FSeTS,
we found that correlations for the entire samplewere high (r> 0.88)Fig. 2. Mean offsets (with 95% CIs) between HKA and the different methods of
determining FSeTS, for each alignment group.(Table III). However the correlations were much weaker for shorter-
shaft FSeTS measurements. Despite the sex main effect for HKA e
10 cm FSeTS the correlations for the entire sample divided into
males (r¼ 0.87) and females (r¼ 0.89) were very similar.
Finally, we investigated how much of the femoral and tibial
shafts are visible on a typical knee radiograph. Presuming that the
knee was centered perfectly on the image, a 419 mm long radio-
graph image showed approximately 208 mm above and 208 mm
below the joint line. One-third of the tibial and femoral shafts were
seen on all images, as were the 10 cm points. One-half of the
femoral shaft was seen on the shortest limbs (23% of the 120 limbs
in the sample) and one-half of the tibial shaft was seen on most of
the limbs (92% of the limbs). The two-thirds femoral and two-thirds
tibial shaft points were not seen on limbs of any length.Discussion
Several studies have investigated the relationship between HKA
and FSeTS.11e14,21 The current study, to our knowledge, is the ﬁrst to
suggest that the relationship between HKA and FSeTS differsTable III
Pearson correlations (r) between HKA and the different methods of measuring
FSeTS. P< 0.05 in each case
Group HKA vs
FSeTS
r
HKA vs
2/3 FSeTS
r
HKA vs
1/2 FSeTS
r
HKA vs
1/3 FSeTS
r
HKA vs
10 cm
FSeTS
r
Complete
dataset
1.0 0.98 0.96 0.92 0.88
1 5.0 Varus 0.95 0.85 0.71 0.52 0.41
2 Between 0.0
and 4.9 Varus
0.90 0.74 0.62 0.51 0.45
3 Between 0.1
and 4.9 Valgus
0.87 0.73 0.60 0.50 0.50
4 5.0 Valgus 0.98 0.91 0.82 0.72 0.66
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limb. Also, we found that using shorter FSeTS shaft lengths to esti-
mate HKA modestly weakened the relationship of anatomic axis
with mechanical axis in the overall sample. The relationship of these
two measures was especially attenuated when both shorter-shaft
lengths were used and subcategories of alignment were studied.
The four alignment groups’ demographics did not differ signif-
icantly, with a few exceptions. Only two males in the entire MOST
database had HKA angles of greater than 5 valgus. The rarity of
valgus deformity in males has been noted before9,11,22 and partly
explains the difference in height between groups 3 and 4. Those
with greater deformities (varus or valgus) had higher K/L grades
and tended to have higher BMIs.
With only two exceptions no signiﬁcant differences were found
between the sexes with respect to the various angles and offsets,
similar to prior results from adults with11 and without knee OA16,18
However, in contrast to the current study, a difference has previ-
ously been found in HKA and (HKA e FSeTS) offsets between the
sexes11,12,17. The offset for females has been reported to be between
3.0 and 3.5 while that for males was between 4.7 and 6.411,12.
Chang et al.17 reported the opposite trend, with females having
a larger offset than males (7.3 vs 6.0, FSeTS measured with 15 cm
shaft lengths), at least for individuals with knee OA. Further
comparisons of males and females need to be performed to conﬁrm
if real differences exist and in what direction.
Research question 1 asked whether the relationship between
FSeTS and HKA differs depending on the direction andmagnitude of
knee deformity. Our average offset between HKA and full-length
FSeTS of 5.0 is similar to ﬁndings from other studies where 4e6 is
typically considered as the difference10,11,21,23. However, our data
show that the HKA e FSeTS offset varied as a function of the degree
of deformity, especially for FSeTSmeasuresmade using shorter shaft
lengths. Speciﬁcally, for varus limbs the offset increased and for
valgus limbs, it decreased. Therefore when dealing with individuals
with signiﬁcant varus or valgus deformity, it would be inaccurate to
use 5.0 as the difference between HKA and the shorter-shaft
versions of FSeTS, as FSeTS measurements vary widely from HKA.
Research question 2 asked whether the shaft length used to
determine FSeTS affects its ability to accurately estimate HKA. As
the FSeTS shaft length decreased, the conﬁdence limits around our
offsets increased and the correlations for the individual alignment
groups decreased from greater than r¼ 0.87 (for HKA e full-length
FSeTS) to less than r¼ 0.66 (for HKA e 10 cm FSeTS) (Table III),
contributing to a poor estimate for HKA. Prior studies, using 10 cm
shaft lengths and the same knee points as in the current study, have
found poor to excellent correlations between HKA and FSeTS
(r¼ 0.27e0.88 for FSeTS obtained with standing radio-
graphs11,13,14,17 and r¼ 0.66e0.75 for FSeTS obtain with ﬁxed-
ﬂexion radiographs11,21). Some of these studies had a wide variety
of subjects with varus, valgus and neutral lower-limb alignments
(r¼ 0.27e0.80)11,17,21 while others only used subjects with medial
compartment OA, which is associated with varus alignment
(r¼ 0.34e0.88)13,14. When our subject sample was broken down
into alignment strata the correlations become much weaker,
especially for the 1/3 and 10 cm FSeTS calculations. One limitation
of performing correlations on subgroups of a dataset is that because
each group is limited to individuals within a small range of HKA
values, the correlations will be attenuated. However, we also found
that the correlations became weaker as the FSeTS shaft lengths
decreased. Conﬁdence limits around the HKAs imputed were wide
enough to suggest caution when using 1/3 FSeTS and 10 cm FSeTS
measurements to estimate HKA.
Several authors have reported results similar to ours when
comparing different methods of calculating FSeTS, including
greater variation between the mechanical axis and distal femoralanatomic axis than the full-length anatomic axis, and a higher
correlation (r¼ 0.65, P< 0.0001) between HKA and FSeTS calcu-
lated using the mid-diaphyseal lines of the femur and tibia than
10 cm FSeTS (r¼ 0.34, P¼ 0.005)14,18. As well, FSeTS measure-
ments taken using a 15 cm shaft length (r¼ 0.81 for males, r¼ 0.88
for females) had greater correlations to HKA than those taken using
a 10 cm shaft length (r¼ 0.69 for males, r¼ 0.80 for females)17.
These studies lend support to our contention that short-shaft
FSeTS measurements increase uncertainty if used to estimate HKA.
HKA measurements allow the opportunity to study the contri-
bution of various parts of the limb to alignment9,24. Geometric
changes in the shafts of the bones may cause some of the discor-
dance between HKA and FSeTS9,17. These changesmight predispose
individuals to knee OA or may be brought on by bone remodelling
that occurs with OA development9,17.
Research question 3 asked what proportions of the femoral and
tibial shafts are seen on a typical knee radiograph. Much of the prior
research comparing HKA and FSeTS uses FSeTS measurements
calculated using a 10 cm shaft length11,13,14. The results show that
one-third of the femoral and tibial shafts are visible on the average
cassette, even for the tallest subjects. Unfortunately, the correlations
are similarly poor for the 10 cm and 1/3 FSeTS comparisons to HKA.
One limitation to this study is that the various FSeTS measure-
ments were determined from full-length radiographs rather than
anteroposterior knee radiographs which are commonly used in
research investigating the incidence and progression of knee OA.
FSeTS calculated from full-length radiographs and anteroposterior
knee radiographs have never been compared, however Kraus et al.11
found a good correlation (r¼ 0.73, P< 0.0001) between FSeTS
measured from semiﬂexed knee radiographs and FSeTS measured
from full-length radiographs.
This study has practical implications with respect to the
measurement of lower-limb alignment for research purposes. There
are signiﬁcant limitations to using FSeTS to predict lower-limb
alignment, especially when an accurate measurement of mechanical
alignment is required and we recommend that HKA be used to
determine lower-limb alignment. However, for samples with
a variety of varus and valgus limbs and where broad categories of
alignment are required for large numbers of persons in a study,
FSeTS could be used with the correction factors we provide to
categorize subjects as varus or valgus, with the recognition that
limbs close to neutralwill be hard to accurately classify. For subgroup
studies, such as those of medial knee OA, categorizing limbs will
producemore accurate estimates (i.e., all will probably be varus), but
since there is uncertainty around each of the correction factors
(see CIs in tables), estimation of HKA from FSeTS is imperfect and
using FSeTS to guess the exact HKA in individuals is problematic.
This caution also pertains to the use of lower-limb alignment to
estimate joint space narrowing in the progression of knee OA. If
FSeTS is used to estimateHKA,which in turn is used to estimate joint
space narrowing, any error will be compounded. In individuals with
severe valgus deformity, valgus malalignment severity would be
underestimated using FSeTS, and thus any joint space changewould
be underestimated. Conversely, for individuals with severe varus
deformity, the degreeof varusmalalignmentwould beoverestimated
using FSeTS and any joint space change would be overestimated.
In conclusion, we recommend that full-length radiographs be
used whenever an accurate estimation of HKA is required. This is
because the offset between HKA and short-shaft FSeTS measure-
ments is variable, and is inﬂuenced by the direction and degree of
malalignment of the lower limb. Imprecision around the correction
factorwouldmake it challenging to accurately predict an individual’s
mechanical axis. However, broad categories of alignment in groups of
persons can be estimated using short limb ﬁlms, especially if the
sample includes a variety of limbs that are varus, neutral and valgus.
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